Purpose/Objective: The NIH Toolbox for the Assessment of Neurological Behavior and Function Cognition Battery (NIHTB-CB) is a common data element for use in individuals with traumatic brain injury (TBI). This study evaluates its sensitivity and specificity in distinguishing individuals with complicated mild, moderate, or severe TBI, and provides support for the construct validity of the NIHTB-CB in individuals with TBI. Research Method: One hundred eighty-two individuals with TBI (n ϭ 83 complicated mild/moderate; n ϭ 99 severe) completed the NIHTB-CB and neuropsychological criterion measures. Complete data were obtained on 158 participants. A control sample of 158 individuals without known neurological impairment was extracted from the NIHTB-CB normative sample. Multivariate analyses of variance determined the sensitivity of the NIHTB-CB measures to TBI and injury severity (complicated mild/moderate TBI, severe TBI, and controls) on the demographically corrected NIHTB-CB composite scores and seven subtests. A descriptive analysis of the sensitivity of each subtest was conducted. Finally, correlations between NIHTB-CB measures and criterion tests assessed convergent and discriminant validity. Results: Multivariate analyses indicated that there was a main effect for group (complicated mild/moderate vs. severe vs. controls) for fluid scores in the NIHTB-CB as opposed to only marginally significant results for the verbal scores. Moderate to strong relationships were found between the NIHTB-CB measures and their corresponding neuropsychological measures (convergent validity), whereas much smaller correlations were found between measures of different cognitive domains (discriminant validity). This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Impact and Implications

Introduction
Several large-scale initiatives are underway to develop health outcome measures that utilize common data elements (CDEs) and allow within-and cross-disease comparison in research sponsored by the National Institutes of Health (NIH). The value of utilizing CDEs has been highlighted by the NIH Interagency Common Data Elements Project, which was designed to identify appropriate CDEs in neurological research. As part of these efforts, the NIH Blueprint for Neuroscience Research (Baughman, Farkas, Guzman, & Huerta, 2006) supported the development of the NIH Toolbox for the Assessment of Neurological and Behavioral Functioning (NIHTB; Gershon et al., 2010; Gershon, Wagster, et al., 2013) . The NIHTB is a set of integrated and co-normed tools to assess cognitive, emotional, motor, and sensory health across the life span. Because the NIHTB was developed for use in the general population, its construct validity and clinical utility for assessing neurocognitive impairments in clinical disorders or individuals with disabilities has not been established. Validation is especially relevant in traumatic brain injury (TBI), for which several efforts have been devoted to establishing standardized definitions and protocols for TBI research through collaboration of multiple agencies and data sharing (Thurmond et al., 2010) . Although validation research for the NIHTB in individuals with TBI is limited, the NIH Interagency Common Data Elements Project included it as a recommended CDE for TBI studies (Wilde et al., 2010) .
TBI is an important and costly health problem (Ma, Chan, & Carruthers, 2014) , and the clinical validation of the NIHTB in individuals with TBI is particularly important. The TBI population includes many previously healthy young people. Neurocognitive deficits are among the many physiological, medical, psychological, and psychosocial problems affecting individuals with TBI (S. S. Dikmen et al., 2014) . Cognitive tests used with neurological populations should be sensitive to the impact of TBI on neurocognitive functioning.
The cognitive sequelae of TBI are well documented. Therefore, the performance of individuals with TBI on the NIHTB is an important indicator of the measures' construct validity and clinical utility. In particular, individuals with TBI are at risk for decrements in attention (Donders & Levitt, 2012; Sinclair, Ponsford, Rajaratnam, & Anderson, 2013) , working memory , episodic memory (Carlozzi, Grech, & Tulsky, 2013; Carlozzi, Kirsch, Kisala, & Tulsky, 2015; Donders & Levitt, 2012; Wright et al., 2014) , executive functioning (Crowe & Crowe, 2013; Donders & Levitt, 2012; Merkley, Larson, Bigler, Good, & Perlstein, 2013) , fluid reasoning (Carlozzi, Kirsch, et al., 2015) , and processing speed (Carlozzi, Beaumont, Tulsky, & Gershon, 2015; Donders & Strong, 2016; Madigan, DeLuca, Diamond, Tramontano, & Averill, 2000; Sinclair et al., 2013) . Language abilities, in contrast, are generally spared or less affected (Carlozzi, Kirsch, et al., 2015) . In general, improvements in cognition are typically seen within the first two years postinjury, although in many people, there is not a full return to baseline functioning (S. Dikmen, Machamer, Temkin, & McLean, 1990; S. Dikmen, Reitan, & Temkin, 1983; Schretlen & Shapiro, 2003) .
The degree of cognitive change and level of impairment after TBI vary as a function of the severity of injury (Carlozzi, Tulsky, Kail, & Beaumont, 2013; Rohling, Meyers, & Millis, 2003) . More severe injuries result in greater cognitive impairment (S. Dikmen et al., 1990 ; S. S. Dikmen, Machamer, Powell, & Temkin, 2003) , whereas mild injuries result in small effects (S. Dikmen et al., 1990; Schretlen & Shapiro, 2003) . In addition, individuals with complicated mild TBI perform similarly on neuropsychological tests to those with moderate severity (Kashluba, Hanks, Casey, & Millis, 2008) . However, differences among injury groups (e.g., those with complicated mild, moderate, and severe injuries) can be affected by other factors (e.g., time since injury and premorbid functional level; Novack, Bush, Meythaler, & Canupp, 2001) .
There is also significant variability in cognitive performance among individuals with similar injury severity (Iverson, Holdnack, & Lange, 2013) . Some individuals with relatively severe injuries may have average or better test scores, whereas individuals with less severe injuries may have below expected cognitive performance. Furthermore, at the individual level, some examinees, at all injury severity levels, have cognitive difficulties, whereas others do not.
The NIHTB was developed and normed in a large, U.S.-censusmatched sample taken from the general population who did not have known neurocognitive deficits. Research on the seven NIHTB Cognition Battery (NIHTB-CB) subtests (Picture Sequence Memory Test (Picture Sequence) S. S. Dikmen et al., 2014] , Picture Vocabulary Test (Picture Vocabulary) S. S. Dikmen et al., 2014; Gershon et al., 2014; Gershon, Slotkin, et al., 2013] , Oral Reading Recognition This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Test (Reading) Gershon, Slotkin, et al., 2013] , Pattern Comparison Processing Speed Test (Pattern Comparison) [Carlozzi, Beaumont, et al., 2015; Carlozzi et al., 2014; , List Sorting Working Memory Test (List Sorting) , Dimensional Change Card Sort [DCCS] test [Zelazo et al., 2013 [Zelazo et al., , 2014 , and Flanker Inhibitory Control and Attention test (Flanker) [Zelazo et al., 2013 [Zelazo et al., , 2014 ), as well as three summary scores (Fluid Cognition, Crystallized Cognition, and Total Cognition Composite scores; Akshoomoff et al., 2013; Heaton et al., 2014) have established reliability and validity for use in individuals across the life span. Table  1 lists the NIHTB-CB measures and their "gold standard" counterparts that serve as criterion measures to establish construct validity. The initial validation work also supported a multidimensional structure of 5 factors of cognition that includes: episodic memory, vocabulary, reading, working memory, and a combined processing speed/executive functioning. This finding supports that NIHTB-CB subtests assess different domains of cognitive functioning, and provided initial evidence of convergent and discriminant validity among NIHTB-CB subtests . However, the clinical utility of the NIHTB for use with individuals with TBI has yet to be established. The current study evaluated the sensitivity of the NIHTB-CB in distinguishing individuals with medically confirmed diagnoses of complicated mild, moderate, or severe TBI. We examined the severity of cognitive deficits by comparing cognitive performance between individuals with TBI and matched controls. We hypothesized that individuals with TBI would perform worse than matched controls on all NIHTB-CB measures except those that examine language/crystallized abilities (Picture Vocabulary Test, Oral Reading Recognition Test); we expected NIHTB-CB measures of crystallized abilities to show much less (or no) impairment, thereby serving as "hold" measures (Larrabee, Largen, & Levin, 1985) . We hypothesized that at a group level, individuals with severe TBI would demonstrate greater cognitive impairments than individuals with less severe injuries (e.g., those with complicated mild/moderate TBI). We examined the relationship between the NIHTB-CB and neuropsychological measures to evaluate convergent and discriminant validity in individuals with TBI. The overall goals of this article are to describe the NIHTB-CB sensitivity to TBI severity and to evaluate the suitability of its use in the assessment of individuals with TBI.
Method Sample Population/Participant Recruitment
One hundred eighty-two individuals with a medically documented complicated mild/moderate TBI (n ϭ 83) or severe TBI (n ϭ 99) were examined as part of a larger study examining cognitive functioning in individuals with disabilities. We combined complicated mild TBI with moderate TBI on the basis of previous work suggesting that long-term outcomes for individuals with complicated mild more closely resemble individuals with moderate TBI than those with mild TBI (Kashluba et al., 2008) . Participants were recruited from three rehabilitation centers-the Rehabilitation Institute of Chicago, Washington University in St. Louis, and the University of Michigan-and were required to come to the center on one occasion to complete a series of cognitive tests and patient-reported outcomes measures. Each institution received approval from their local institutional review boards that provided oversight for the research. To be eligible for the study, participants were at least 18 years old, admitted to a This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
hospital within 24 hr of a TBI, able to comprehend and speak English at a fifth-grade level, and at least 1 year since their brain injury. Individuals with additional cognitive impairments as a result of other conditions such as a psychiatric disorder, Alzheimer's disease, and other dementing illnesses were excluded. Participants were recruited according to their injury severity. TBI severity was classified according to the lowest emergency department Glasgow Coma Score (GCS) score within the first 24 hr after injury (not due to intubation, sedation, or intoxication); a GCS score of Յ8 was classified as severe injury, and a score of 9 to 12 was classified as moderate injury (Teasdale & Jennett, 1974) . Complicated mild cases had a GCS score of 13 to 15, with neuroimaging showing acute brain abnormality consistent with TBI, such as subarachnoid hemorrhaging or cortical contusions (Williams, Levin, & Eisenberg, 1990) . If no GCS was available, TBI cases were classified based on the detailed description of their injury and confirmed by a neuropsychologist independent of performance on the NIHTB-CB or neurocognitive tests (see Figure 1) .
We also examined a demographically matched control sample of 158 adults from the NIHTB standardization sample (which is comprised of 1,038 English-speaking adults); participants were matched on key demographic variables. The NIHTB standardization sample was weighted to be demographically representative of the 2010 U.S. Census data. Our subset of these participants was matched to the total TBI group on key demographic variables (i.e., age, education level, ethnicity, and gender).
Measures
Participants completed a larger 8-hr battery of assessments including the NIHTB (including all four domains: Cognition, Sensory, Motor, and Emotional functioning) and neuropsychological tests. An examiner who was trained and certified according to a well-established protocol (described below) administered all cognitive tests.
The NIHTB is a set of assessment tools for measuring cognitive, emotional, motor, and sensory health that are appropriate for a wide range of ages (3-85 years) and settings (Gershon et al., 2010; Gershon, Wagster, et al., 2013) . The NIHTB-CB contains subtests to measure episodic memory, language, processing speed, working memory, and executive function (see Table 1 ; . Three composite measures were derived from combinations of individual subtests: Overall Cognition, Crystallized Cognition, and Fluid Cognition (Heaton et al., 2014 Step 1: Look for best GCS score within 24 hours. If GCS is rated an 8 or less, subject is classified as SEVERE.
If you see "decerebrate posturing" in MR, classify as SEVERE. Stop MR Review. Classify as MODERATE if GCS is between 9-12. Classify as MILD if GCS is between 13-15, then proceed to STEP 4 to determine if pt is complicated mild.
Stop MR Review. If no GCS, go to Step 2
Step 2: Look for report of duration of posttraumatic amnesia (PTA).
(This is defined as 'duration from time of injury to the time when medical personnel observed a return of continous memory.') Rate as SEVERE if PTA is > 7 days Rate as MODERATE if PTA is between 1 -7 days Rate as MILD if PTA < 1 day, then proceed to STEP 4 to determine if pt is complicated mild.
Stop MR Review. If no PTA, go to step 3
Step 3: Look for report of loss of conciousness (LOC) or coma.
(LOC is defined as 'duration from time of injury to time when the subject first followed commands') Rate as SEVERE if LOC / Coma duration is > 6 hours.
Rate as MODERATE if LOC / Coma duration is between 20 min -6 hrs.
Rate as MILD if LOC / Coma duration is <20 min, then proceed to STEP 4 to determine if pt is complicated mild.
Stop MR Review. If no LOC, move to step 5. If no PTA is documented, OR if PTA is less than 24 hrs, continue to Step 5.
Step 4: FOR ALL MILD CASES Look for report of brain imaging.
If imaging is positive for any of the following, rate as complicated mild:
Intracerebral hematoma (ICH) Cerebral contusion Subdural hematoma (SDH) Subarachnoid hemorrhage (SAH) Epidural hematoma (EDH) Brain stem injury Hemorrhagic contusion Penetrating TBI (including any GSW to the brain)
If brain imaging is negative, continue to
Step 5.
Step 5: If no GCS, PTA or LOC is documented, but data collector feels there is evidence to infer TBI, hand off record to the neuropsychologist on staff for a rating.
Include highlighted portions of MR that include Hx, subjective notes, progress notes, appointment documentation and and imaging reports. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Gold standard cognitive and neuropsychological tests include CDE tools that have widespread use in the TBI clinical and research applications. These measures were used in the original NIHTB validation efforts , and were selected based on their ability to inform diagnosis, outcome measurement and prediction, and treatment effectiveness research (Wilde et al., 2010) . Table 1 includes a detailed description of these tests.
Data Collection Training and Assurance to Standardized Procedures
This multisite study required data collectors to follow standardized protocols. Each examiner practiced the administration procedures by administering them to a minimum of five cases. After the initial training, they were observed and certified by one of two authors of this article (N. E. Carlozzi and D. S. Tulsky) in a live testing session. We recertified examiners annually to ensure that tests continued to be administered in a standardized manner. We also monitored test scoring. One of the authors (N. E. Carlozzi) reviewed 10 test protocols from each examiner, rescored the protocol, and provided feedback about deviations from standard procedures. In cases in which scoring agreement did not exceed 95%, the examiner was retrained and the scoring for 10 new cases was reviewed. Scoring was reviewed annually as part of the recertification process. All protocols were double-scored to minimize scoring errors.
Normative Standards
For the NIHTB-CB, demographically corrected normative standards were developed in a cohort of neurological healthy adults (N ϭ 1,038) in order to determine deviations from expected levels of performances. Details regarding these norms are described in Casaletto et al. (2015) . In brief, multiple fractional polynomial models were used to regress the normalized NIHTB-CB scores of each test separately for each race/ethnicity (i.e., Caucasian, African American, Hispanic White) on demographic characteristics (i.e., age, education, gender, using multiple fractional polynomials to account for any nonlinear effects). The residuals from these models were corrected in order to enhance the homogeneity of the variances across demographic characteristics (i.e., age, gender, education, race/ethnicity). The corrected residuals were standardized and rescaled as T scores. The resulting T score (M ϭ 50, SD ϭ 10) for each test represents an individual's neurocognitive performance compared with age-, education-, gender-, and race/ethnicitymatched peers. Demographically corrected norms demonstrate better accuracy with less demographic bias (Casaletto et al., 2015; Heaton, Ryan, & Grant, 2009; Taylor & Heaton, 2001) on cognitive measures than age-only adjusted scores in neurological populations. The use of demographic adjustments also minimizes effects of slight differences in demographic characteristic on group comparisons.
Data Analysis
Analyses focused on participants with complete data on all seven NIHTB-CB tests, slightly reducing the sample size. The total number of missing tests did not differ by group (e.g., mild complicated/moderate, severe, controls), the exclusion rate for missing data was identical for control (13.2%) and TBI samples (13.2%), and there was no effect of injury severity, 2 (2, N ϭ 364) ϭ 0.73, p Ͼ .05, on missing data. Moreover, there was no difference in missing values by age, race, or gender; however, there was a significant association between missing data and education, 2 (3, N ϭ 364) ϭ 9.74, p Ͻ .05. Missing data occurred at a rate of 20% for individuals with 12 or fewer years of education, and 9% for those with at least some college education. Picture Sequence Memory (7.2%) and Vocabulary (6.3%) were the most frequently missing data, and Oral Reading was the least frequent (1.9%). Rates of missing test data were significantly higher in the TBI sample for the DCCS (6.6% vs. 0.0%), 2 (1) ϭ 10.36, p Ͻ .01), Flanker Inhibitory Control and Attention Test (6.0% vs. 0.0%), 2 (1) ϭ 9.32, p Ͻ .01, and Pattern Comparison (7.1% vs. 0.6%), 2 (1) ϭ 8.93, p Ͻ .01. Results of univariate ANOVAs evaluating the interaction effect of group (i.e., mild complicated/ moderate, severe, controls) by exclusion status did not reveal a significant interaction for any of the individual tests. The presence of missing data was not specific to TBI (relative to the control sample) or more impaired individuals within the TBI groups.
We conducted two multivariate analyses to determine the sensitivity of the NIHTB-CB measures to TBI and injury severity. The first multivariate analysis evaluated group (complicated mild/moderate TBI, severe TBI, and controls) differences on the two demographically adjusted NIHTB-CB composite scores (Fluid Cognition and Crystallized Cognition). The second analysis evaluated group (complicated mild/moderate TBI, severe TBI, and controls) differences on the seven NIHTB-CB subtests (Picture Sequence Memory Test, Picture Vocabulary, Oral Reading Recognition, Pattern Comparison, List Sorting, DCCS, and Flanker Inhibitory Control and Attention Test).
A descriptive analysis of the sensitivity of each subtest is presented to provide clinicians and researchers information regarding impairment rates in the clinical samples compared with the matched control sample. We applied a cutoff of one-standard-deviation unit on the demographically corrected T scores (e.g., Յ40) to detect "abnormal" performance. These scores represent the probability of an examinee showing a performance deficit based on injury status.
Pearson correlations were used to examine relationships among the uncorrected scores on the NIHTB measures and established neuropsychological measures to assess convergent and discriminant validity. To determine convergent validity, the uncorrected scores for the NIHTB-CB subtests were correlated with the scores on the corresponding gold standard neuropsychological measure of the same construct (e.g., NIHTB-CB Oral Reading Recognition with the Wide Range Achievement Test, 4th edition [WRAT-4]); moderate to high correlations would provide evidence of convergent validity. Additional evidence of convergent validity was obtained by examining the correlation of the NIHTB-CB test with established measures from the same cognitive domain (e.g., NIHTB Oral Reading Test correlated with other measures within the language domain). Moderate to high correlation coefficients would provide evidence of convergent validity. Divergent validity was evaluated by correlating the NIHTB-CB measures with established tests that measure different cognitive domains (e.g., Picture Sequence Memory or other fluid cognition tests with the WRAT-4), in which low correlation coefficients were expected. All domain correlations were created by converting the correlation of the NIHTB test with each criterion measure within a domain into a This document is copyrighted by the American Psychological Association or one of its allied publishers.
Fisher's z= score (Cohen, Cohen, West, & Aiken, 2003; Fisher, 1958) . We then averaged the z= scores within domain and then converting the z= scores back into r equivalents. Using Fisher's z= reduces estimation bias of the population correlation compared with averaging Pearson rs (Corey, Dunlap, & Burke, 1998) . Correlations less than 0.4 were considered poor evidence of convergent validity, 0.4 to 0.6 were adequate evidence of convergent validity, and 0.6 or greater were good evidence of convergent validity; correlations less than 0.3 between measures of different constructs was evidence of discriminant validity (Campbell & Fiske, 1959) . For group comparisons, we report effect sizes (Cohen's d), with cutoffs of .20, .50, and .80 indicating small, medium, and large effects, respectively.
Results
The demographic characteristics of the TBI subgroups and the NIHTB-CB standardization matched control sample are presented in Because both composite scores and subtest scores yield clinically meaningful information, we report two sets of analyses, one with composite scores and one with subtest scores, recognizing that these analyses are not independent. We also report analyses separately for complicated mild/moderate TBI versus controls and severe TBI versus controls.
Multivariate Analyses (Complicated Mild/Moderate TBI vs. Severe TBI vs. Matched Controls)
The first multivariate analysis examined group (complicated mild/moderate vs. severe vs. controls) and the two NIHTB demographically corrected composite scores as the dependent variables. Pillai's trace indicated a statistically significant main effect of group, F(4, 626) ϭ 17.04, p Ͻ .0001, Pillai's trace ϭ .197, p 2 ϭ .098. Univariate analyses and post hoc comparisons (Scheffé's) indicated that the complicated mild/moderate TBI and severe TBI group performed worse than controls on the Fluid Cognition Composite, and that the severe TBI group performed worse than the complicated mild/moderate TBI group on the Fluid Cognition Composite (see Table 3 ). Although the Crystallized Cognition Composite was marginally significantly different overall between the groups, F(2, 313) ϭ 4.89, p Ͻ .01, post hoc analysis did not reveal statistically significant differences between groups.
The second multivariate analysis examined group (complicated mild/moderate vs. severe vs. controls) and seven NIHTB demographically corrected subtest scores as the dependent variables (Picture Sequence Memory Test, Picture Vocabulary, Oral Reading Recognition, Pattern Comparison, List Sorting, DCCS, and Table 3 ). On Crystallized subtests, which typically are the tests more resilient and less sensitive to TBI, the Oral Reading Test, F(2, 313) ϭ 4.66, p Ͻ .05, and Picture Vocabulary Test, F(2, 313) ϭ 3.45, p Ͻ .05, were marginally significantly different at the group level. Regardless, post hoc analysis did not reveal statistically significant differences between specific groups. Table 4 presents base rates of examinees obtaining low scores at a cutoff that is roughly equivalent to a percentile rank of 16 (i.e., T score Յ40) for complicated mild/moderate TBI, severe TBI, and control groups. Sensitivity and specificity values are presented for each test and for the Crystallized and Fluid Composite scores. The highest sensitivity was observed for Picture Sequence Memory at a cutoff of T score Յ40, .36 for complicated mild/moderate versus controls, and .52 for severe TBI versus controls at a 13% false positive rate. The Fluid Composite showed similar values to Picture Sequence Memory. As expected, language-based measures were minimally sensitive to TBI compared with expected levels of performance. The severe TBI sample showed a greater proportion of low scores on the Oral Reading and Picture Vocabulary measures compared with controls, indicating that a subset of examinees with severe injuries may have had language impairments. Applying a T score cutoff of Յ40 yielded false positive rates in an Note. NIHTB-CB ϭ NIH Toolbox Cognition Battery; DCCS ϭ Dimensional Change Card Sort. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Identification of Cognitive Impairment
acceptable range of 11% to 16%. These sensitivity and specificity results reflect effect sizes of 1 or less. Table 5 displays Pearson correlation coefficients for NIHTB core measures compared with analogous established neuropsychological tests and by domain in the TBI sample. The largest correlations (.83 and .80) were observed with Oral Reading Recognition and WRAT-4 Reading and with Picture Vocabulary and the Peabody Picture Vocabulary Test (PPVT), providing evidence of convergent validity. These measures also correlated highly with and averaged correlation created using the verbal gold standard measures (PPVT and WRAT-4 Reading; see Table 5 for a detailed description of the average language and executive function correlations). The lowest correlations (.13 and .10) were observed between the Pattern Comparison and DCCS test with language measures. The NIHTB-CB measures of Fluid Cognition were highly correlated in this sample. There were moderate correlations between List Sorting and the gold standard working memory measures, as well as Picture Sequence Memory and processing speed measures. Similarly, the Flanker Inhibitory Control and Attention Test and DCCS tests had moderate correlations with both the established executive functioning measures as well as tests of processing speed, working memory, and episodic memory. Of particular note, the Flanker Inhibitory Control and Attention Test and DCCS had higher correlations with processing speed, which may reflect the importance of timed performance in the NIHTB-CB measures of executive functioning. Finally, the Pattern Comparison and Picture Sequence Memory were correlated moderately with measures across most domains; however, the highest correlations were with the gold standard measures that measure the same constructs of processing speed and episodic memory, respectively.
Convergent and Discriminant Validity
Discussion
This study provides evidence of validity of the NIHTB-CB in adults with TBI. The strengths of the study include a large clinical sample of well-defined TBI severities. Multicenter data collection insured greater representation of individuals from different rehabilitation centers. The study also included rigorous training of psychometricians for proper administration and data integrity.
The primary goal of this study was to establish the validity of the NIHTB-CB in a sample of individuals with documented TBI. Validation is necessary to provide empirical support for the use of this battery of cognitive tests in research and clinical applications. In order to use the NIHTB-CB in clinical settings, the specific tests and composite indices should measure the appropriate constructs (e.g., language/crystallized abilities, working memory, episodic memory, processing speed, and executive functioning). Moreover, the sensitivity of cognitive tests to the effects of TBI is an important litmus test, as the impact of TBI on cognition is well documented. At the same time, it is known that a significant subset of the TBI population recovers quite well.
Comparison of performance on the NIHTB tests and composite scores in a sample of individuals with documented complicated mild/moderate TBI, severe TBI, and a control sample, provide strong support for the NIHTB-CB battery to detect impairment. We expected that individuals with TBI would have lower scores on the Picture Memory, Pattern Comparison, Flanker Inhibitory Control and Attention Test, DCCS, and List Sorting Task compared with controls (Donders & Levitt, 2012; Donders, Tulsky, & Zhu, 2001; Willmott, Ponsford, Hocking, & Schönberger, 2009) , and that most individuals with TBI would not have poor scores on tests of language and crystalized abilities. We also analyzed the data using fully demographically corrected scores (Casaletto et al., 2015) . The results are consistent with the expectation of differ- The way we averaged the two correlations is to transform each individual correlation into a z score using Fisher's z' transformation. Then we added the two z scores together and divided by 2. This gave us a new z score. We then converted the new z score back into the associated r value. NIHTB-CB ϭ NIH Toolbox Cognition Battery; WAIS-IV ϭ Wechsler Adult Intelligence Scale, 4th Edition; DKEFS ϭ Delis Kaplan Executive Functioning Scale; DCCS ϭ Dimensional Change Card Sort. This document is copyrighted by the American Psychological Association or one of its allied publishers.
ences on NIHTB-CB variables when compared with controls or by injury severity. Memory complaints and impairment are hallmark symptoms of TBI, and for this reason, a new memory measure should demonstrate sensitivity to the effects of TBI to establish construct validity and clinical sensitivity. As expected, the Picture Sequence Memory Test was the most sensitive measure of the NIHCB-TB to the effects of TBI and TBI severity. Over 50% of the severe and 30% of the complicated mild/moderate TBI groups had scores in the impaired range. These results are similar to those obtained in other tests of episodic memory such as the fourth version of the Wechsler Memory Scale (WMS-IV; Carlozzi, Grech, et al., 2013; Iverson et al., 2013) . The comparisons of performance between individuals with complicated mild/moderate, severe, and controls provide evidence that the Picture Sequence Memory Test functions in a manner similar to other widely used memory measures.
On the test of working memory (List Sorting), we observed lower scores for the complicated mild and severe TBI groups compared with controls with moderate and large effect sizes, respectively. In the control group, 11% had low scores, compared with 27% and 32% of the complicated mild/moderate and severe TBI, respectively. The level of performance is again consistent with the results found with other tests of working memory such as the WAIS-IV and WMS-IV Working Memory Indices (Carlozzi, Grech, et al., 2013; Carlozzi, Kirsch, et al., 2015; Donders & Strong, 2015) .
Processing speed impairment represents another domain of cognitive functioning that is a well-documented sequela of TBI and, along with memory functioning, often yields the largest effect sizes (Iverson et al., 2013) . The Pattern Comparison test is a choice reaction time (RT) test that significantly differentiates TBI from control groups and was sensitive to severity of injury. However, although the Pattern Comparison test is sensitive to the effects of TBI, individuals in the current sample had higher performance scores compared with what would have been expected with the Wechsler Adult Intelligence Scale, Third Edition (WAIS-III; Donders et al., 2001 ) and the WAIS-IV Processing Speed Indices (Carlozzi, Beaumont, et al., 2015; Carlozzi, Kirsch, et al., 2015; Donders & Strong, 2015) . Unfortunately, the legacy measures were not administered in the normative study, so no direct comparison is possible.
Executive functioning is a broad category of behaviors defined by behavioral and cognitive changes often observed after brain injury, and the NIHTB-CB provides two measures of executive functioning-the Flanker Inhibitory Control and Attention Test and DCCS test. These tests use a choice reaction response process, and response time is a significant component of the scores. Both tests differentiated the TBI from control groups; however, only the Flanker test was sensitive to severity effects. Both tests were sensitive to TBI versus control, second only to Picture Sequence Memory. Unlike Picture Sequence Memory, both Flanker Inhibitory Control and Attention Test and DCCS test require a fast performance and processing speed.
Finally, on tests of language and crystalized abilities, the mild/ moderate TBI group was not significantly different from the control group, and the severe TBI group only showed a trend for lower reading scores (Carlozzi, Kirsch, et al., 2015; Iverson et al., 2013) . Base rate tables show that 16% of controls will have low scores on the Oral Reading Test; by comparison, 25% of individuals with severe injuries have low scores at the one-standard-deviation cutoff. These results illustrate that only a small subgroup of severely injured examinees will exhibit language/reading problems more than 1 year postinjury. Although Picture Vocabulary did not show statistically significant differences between the severe TBI and control groups, the level of performance relative to Oral Reading is nearly identical (48.3 vs. 48.4). The rates of low scores are similar as well (25% vs. 20%). This lack of difference between the tests has clinical relevance as clinicians should anticipate that the Oral Reading Test and the Picture Vocabulary test will yield similar estimates of premorbid abilities in the severe TBI group. The results observed in this study are consistent with previous studies using similar, language-based "crystallized" measures (Carlozzi, Kirsch, et al., 2015) .
This study also sought to establish the convergent and discriminant validity of the NIHTB-CB with established neuropsychological measures in a clinical sample. Cognitive tests are comprised of related constructs (Holdnack & Weiss, 2006; Tulsky & Price, 2003) , and many of the subtests will have moderate to high correlations with each other. Convergent and discriminant validity studies are necessary to understand the degree to which a given test measures the specific construct of interest and the degree that non-construct-related variance (e.g., processing speed and executive function) affects test performance. The analyses comparing most NIHTB-CB tests with gold standard measures provide strong evidence of convergent and discriminant validity in most instances. Each NIHTB-CB test correlated with similar measures. The correlations in the second column in Table 5 show the convergent validity coefficient and range from 0.42 to 0.83 (Mdn ϭ 0.68). As expected, we observe high correlations between language tests (e.g., 0.80 and 0.83), which is consistent with previous findings showing correlations between language measures. High within-construct correlations were observed for episodic memory and processing speed tests (e.g., 0.68 and 0.69, respectively). Significant correlations in the moderate range were obtained between the working memory tasks (0.56) and between the executive functioning tests (0.46 and 0.42 in magnitude). Correlations between executive functioning tasks in other studies have also tended to be in the moderate range, around the magnitude of the coefficients obtained in this study. Although the NIHTB-CB Executive Functioning tests appear to be tapping the construct for which they were developed, they also reflect processing speed. Considering that processing speed is a frequent deficit in individuals with TBI, it is not surprising that executive function tests based on RT also would have a high correlation with measures of processing speed. Collectively, most NIHTB-CB subtests are correlated with similar measures suggesting convergent validity of the NIHTB-CB tests in a TBI sample. The right-hand columns in Table 5 display correlations with the construct (as measured in an aggregate of tests of this construct). As described above, the individual test generally has a relatively high correlation with the aggregate score and lower correlations with tests of different constructs.
Study Limitations
Although the presence of a TBI in this study was confirmed with medical records, making this a well-worked-up sample, examinees had to be willing and able to complete extensive testing that lasted 8 hr and spanned 2 days (to complete the NIHTB, criteria measures, and a series of other tests). As a result, the sample may not This document is copyrighted by the American Psychological Association or one of its allied publishers.
be representative of the population of individuals living with TBI. We did not exclude volunteers if they had participated in other clinical or research evaluations, which conceivably might have included neuropsychological tests. Exposure to previous tests may affect performance. Additionally, we used the original dual-screen monitor format. It is unclear whether the results will completely generalize to the newer iPad version. Finally, the study did not include a control sample that completed the established neuropsychological measures as did the clinical sample. Rather, the control sample was derived from the NIHTB-CB standardization study sample, and these individuals did not complete most of the concurrent validity measures. Having parallel research methodology would have allowed us to compare the sensitivity of NIHTB-CB measures along with the established gold standards. Such data would have strengthened this study. In the absence of these data, we were not able to estimate the degree to which correlations between the measures were inflated due to injury severity effects or attenuated due to range restriction.
Application of NIHTB-CB
This study provides evidence that the NIHTB-CB tests are sensitive to the effects of TBI and severity of injury. The level of performance is consistent with that reported in studies of established measures, although the NIHTB-CB Pattern Comparison Processing Speed test may slightly underestimate impairment. The Crystallized and Fluid Composites provide good estimates of intact versus impaired functions postinjury. Composite scores (Crystallized vs. Fluid) that contain multiple measures in each domain provide a robust estimate of cognitive functioning (Brooks, Holdnack, & Iverson, 2011) . Furthermore, with only single measures of key cognitive functions, it may be insufficient to identify deficits related to specific cognitive domains (e.g., executive dysfunction compared with the more general "fluid" category) or by skills within a domains.
We obtained moderate rates of missing data that were not random but associated with education level. The Picture Sequence Memory and Picture Vocabulary tests were the most often missing measures. The types of tests that were missing differed by TBI group: Tests requiring rapid responses were most likely to be missing. The impact of missing data in research and clinical settings must be considered when using the NIHTB-CB (Magasi, Harniss, Tulsky, Cohen, & Heaton, 2017) .
Of critical importance in clinical and research settings evaluating individuals with TBI is the need to identify invalid responses (Heilbronner et al., 2009; Larrabee, 2012) . In its current configuration, the NIHTB-CB does not have methods for estimating performance invalidity. The absence of invalidity indicators might result in scores below expected for individuals in which secondary gain may be an issue (Slick, Sherman, & Iverson, 1999) .
One of the primary advantages of using the NIHTB-CB is its relatively short administration time. The battery requires only 30 min to complete. Brevity allows evaluation of a range of abilities without fatiguing examinees. This strength may be a limitation when researchers or clinicians require information about detailed aspects of cognition, such as identifying retrieval versus encoding deficits or differentiating slow versus errors in performance.
In conclusion, these findings support the construct validity of the NIHTB-CB in community-dwelling adults with TBI. We observed group differences and patterns of correlations that are consistent with previous studies, and these results provide evidence of convergent-discriminant validity for the NIHTB-CB language measures, and good convergent validity for the List Sorting, Pattern Comparison, and Picture Memory tests. Most participants could complete most tests. The NIHTB-CB is a promising CDE candidate.
